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The study of an autoimmune disease model such as experimental allergic en-
cephalomyelitis (EAE)' will hopefully reveal a means to control such disease. EAE
is an antigen-specific T cell-mediated disease that is considered to be a model for
multiple sclerosis due toits similar pattern ofcentral nervous system (CNS) lesions
and demyelination (1, 2). This disease was first noted inpatients whohad developed
neurological deficits after inoculation with early rabies vaccine preparations con-
tainingresidualmyelin fromin vivo brain cultureofthe virus(3). Oneobvioustarget
for regulation ofthis T cell-mediated disease would be a TCR idiotype. This would
require (a) that thedisease-inducing T cells respond to one (or afew) auto-antigenic
determinant; and (b) that they use a restricted set ofTCR genes to recognize this
antigen.
That a limited number of antigenic determinants are responsible for EAE has
been established in several animal models, including mouse, rat, and guinea pig.
In all cases, myelin basic protein (MBP) is the target agent (4-6). Using small pep-
tides itwas further shown that, in Lewis rat, all ofthe encephalitogenic activity could
belocalized to the amino acid 68-88 fragment (MBP 68-88) (5, 7). Thus, a limited
region of a single protein, and presumably, therefore, a single or limited number
of antigenic determinants, is responsible for activating EAE-inducing T cells (8).
Evidence exists both for and against limited TCR repertoire usage in Lewis rat,
EAE-inducing (MBP 68-88-reactive)Tcells. Ithasbeen shown that protection from
disease could be obtained by priorimmunization with either inactivated EAE-inducing
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T cell lines or clones, while no protection was derived from immunization with T
cells of irrelevant antigen specificity (9), implying that a determinant present upon
encephalitogenic T cells, but not the general T cell population, was inducing protec-
tion. Thus, EAE-inducing T cellsmight share a crossreactive idiotypic marker capable
of conferring protection. This concept has been supported by recent reports of sup-
pressor T cells capable of inhibiting EAE (10, 11) and most recently by our finding
that an antiTCR antibody could indeed modulate EAE in the Lewis rat (12, 13).
On the other- hand, studies in our laboratory on MBP 68-88-specific Lewis rat
x BW5147 hybrid T cells found that these cells use a diverse but limited repertoire
of VßJß rearrangements (Southern blot data obtained using ß constant region probes)
(14). It was also found that these T cell hybrids could be divided into three distinct
antigen fine specificity patterns based on the degree of their responsiveness to MBP
and MBP peptides from various species (8). Thus, our results were indicative in
this case ofat least some degree ofdiversity existing in Lewis rat MBP 68-88-specific
T -cells.
To determine if MBP 68-88-specific T cells could share idiotypic markers con-
ferred via common V region usage, we generated a cDNA library from the MBP
68-88-specific T cell hybridoma 510, sequenced the TCR genes, and made V re-
gion probes derived from this clone. We found that there was extensive sharing of
V genes between T cells reactive to the encephalitogenic determinant of MBP, a
finding similar to that already seen in the mouse (15-17). Furthermore, upon com-
parison of the rat and mouse data, we found an unexpected sharing of analogous
V regions even though different encephalitogenic determinants were being recog-
nized in association with different MHC molecules.
Materials and Methods
DNA andRNA Preparations andcDNA Library Construction.
￿
Using 1-5 x 101 cells from each
of the T cell hybridomas, lines, and clones, DNA and total cell RNA were isolated by guani-
dine isothiocyanate CsCl gradient (18). Briefly, cells were centrifuged at 1,500 rpm for 10
min and resuspended in 3 ml of 4 M GIT buffer, then vortexed to break cells apart. The
cell preparation was then added on top of a 2-ml 5.7 M CsCl cushion and ultracentrifuged
for 18 h at 35,000 rpm using an SW 50.1 rotor. RNAs were pelleted to the bottom of the
centrifuge tubes, and DNA was located in the layer above the RNA within CsCl cushion.
DNA was recovered by ethanol precipitation and purified with proteinase K and phenol/chlo-
roform. RNA pellets were dissolved in sterile water then precipitated with 0.3 M sodium
acetate and 2.5 vol of 100% ethanol.
Poly(A)' RNA was selected for by two passages over oligo-dt-cellulose (19). cDNA syn-
thesis was performed usinga cDNA synthesis kit (Amersham Corp., Arlington Heights, IL)
as per manufacturer's instructions. Eco RI methylase was used to protect internal sites. cDNAs
were ligated to phosphorylated Eco RI linkers (New England Biolabs, Beverly, MA). Excess
linkers were removed by Eco RI digestion. The cDNAs were cloned into the Eco RI site
of Xgtll. Viral DNA was then packaged (Packagene; Promega Biotech, Madison, WI). Mu-
rine C region probes (provided by S. Hedrick, UCSD, La Jolla, CA) were used to isolate
the rat TCR cDNA clones. The cDNAs and appropriate restriction fragments were subdoned
into M13 and sequenced in both directions by dideoxy chain termination. Sequence analysis
was carried out using University of Wisconsin (Madison, WI) software (20).
T Cell Cultures and Testing of Specificity.
￿
Lewis rats were challenged subcutaneously with
emulsions of Freund's complete adjuvant containing GP-MBP T lymphocyte lines, BP20
and BP29, were selected from suspensions of lymph node cells after immunization. Cells
were stimulated once with GP-MBP together with x-irradiated thymocytes as APC. Clones
3-6 were selected from the BP20 T cell line and clones 11-17 were selected from the BP29BURNS ET AL.
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line after stimulation. All the clones were restimulated once with antigen and thymocytes
as mentioned above. Cell linesand clones were shown to be of the T helper phenotype, using
W3/25 mAbs. T cell proliferation was observed by incubating cell linesand clones with MBP
for 72 h, followed by 0.5 mCi [3H]thymidine for 18 h. Labeled thymidine uptake was
recorded. Activation of T cell lines and clones for EAE transfer was carried out using 5 x
106 cells, 5 x 106 X-irradiated APC, and 125 mg/ml antigen in 10 ml of stimulation medium,
and then was cultured for 3 d. The blasts were counted and 106 cells were injected in-
traperitoneally into naive Lewis rats. The clinical signs of disease were recorded and scored.
Delayed-type hypersensitivity was also recorded as a change in ear thickness (21).
Va 510 and VP 510 Probes.
￿
Va 510 and Vß 510 probes were prepared from isolated Lewis
rat x BW5174 hybridoma 510 TCR a and 0 chain cDNA clones. The Va probe is 136 by
with Eco RI and Pst I restriction enzyme treatment and the VO probe is 240 by with Eco
RI and Alu I treatment. The V0 probe includes 6 by of D region sequence (Fig. 2).
RNA Blots.
￿
Northern blot hybridizations were done using 20 wg oftotal RNA from each
T cell line and clone; RNAs were fractionated on a 1.0% agarose gel with 1 x MOPS buffer
and 2% formaldehyde was used (18). RNAs were blotted to Nytran and then hybridized with
'2P-labeled Va 510 and V0 510 probes in 50% formamide 5x SSC, 0.1% SDS, 100 Rg/ml
salmon sperm DNA, and 1 x Denhardt's solution at 42°C for 12 h (Nytran protocol; Schleicher
& Schuell, Inc., Keene, NH). The Northern blots were then washed in 0.1 x SSC and 0.1%
SDS at 52°C for 2 h with two changes of washing buffer.
Results
The 510 a Chain.
￿
The variable region of the 510 a chain was sequenced (Fig.
1) and the closest match was found to be the mouse TA39, a member of the Tat
family (22), with a 77% homology at the amino acid level.
The joining region also bore greatest homology to the J region of TA39. All of
the matches, however, fell towards the COOH-terminal end of the joining region
(9 of 13 amino acids identical between residues 101 and 113, inclusive), while there
was no demonstrable homology between amino acid residues 94 and 100, inclusive,
and any published J region.
Constant region nucleotide sequence comparisons with a recently published rat
TCR a chain of the AO rat strain (23) revealed 100% homology within the coding
region, but slight differences in the 3' untranslated region, which we attribute to
inter-strain polymorphism. In addition, our clone contained an additional 164 bases
of 3' untranslated region.
The 510ß Chain.
￿
The Vß510 sequence (Fig. 2) showed a maximum homology
of 797o at the amino acid level with Vß4 of mouse (24). This Vß was later desig-
nated 8.2 by others (25). The 0 J and D regions were most homologous with the
Jß1.1 and Dß1 ofthe mouse; the J region being 94% homologous at the nucleic acid
level, while a D segment of 5 by matched exactly with a portion of the mouse Dß1
region. The 0 chain constant region was the Col homologue and has not been pre-
viously reported for rat.
MBP 68-88-specific Autoreactive Hybridomas and TCell Clones.
￿
To determine the V
gene usage by the MBP-specific T cell repertoire, T cells of two types were exam-
ined. The first were antigen-specific Lewis rat x BW5147 T cell hybridomas that
were generated from 10 different fusions ofprimary cell cultures as described in Table
I (8). These hybridomas had previously been shown to display different 0 chain rear-
rangements on Southern blot analysis using C region probes (14). The second popu-
lation was composed of encephalitogenic T cell clones derived from two T cell lines,
BP20 and BP29, which were specific for the MBP 68-88 encephalitogenic deter-30 T CELL RECEPTORS IN AN AUTOIMMUNE DISEASE MODEL
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Nucleotide sequence and
amino acid translation of 510 rat a
chaincDNA. Leader(L), variable (V),
joining (J), constant (C), and 3' un-
translated (UT) regions are denoted.
Thesedesignations are made basedon
homology with previously reported
TCR genes(32) and are discussed in
thetext. The510 a chaincDNA, 1,296
bp, contains an open reading frame
that codes forapeptide of 273 amino
acids as well as 457 basesof3' untrans-
latedregion. By analogyto mouseand
human TCR a chains, the encoded
peptide includes 25 amino acids of
leader sequence as well as theentire V,
J, C, and 3' untranslated region. These
sequence data have been submittedto
the EMBL/GenBank Data Libraries
undertheaccession number Y00803.
minant and were generated from lymph nodes of guinea pig (GP) MBP-primed
Lewis rats as described (20). BP20 and BP29 were isolated independently, with four
T cell clones (No. 3-6) generated from the BP20 line and 7 clones (No. 11-17) selected
from the BP29 line. Both lines and all of the clones were CD4+, OX22+, caused
delayed-type hypersensitivity andwhen injected into naiveLewis rats, caused severe
CNS disease (21). All clones reacted strongly to GP-MBP and to the synthetic pep-
tide sequence 72-84 of rat MBP and GP-MBP Finally, Southern blot data fromV -*~
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D
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181 tcggcttccccctctcagacatctgtgtacttctgtgccagcagtgacagctcaaacaa 240
￿
FIGURE 2. Nucleotide sequence
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the clones using the Va510 and Vß510 probes provided evidence that none of them
were clonally related (data not shown).
V Gene Usage by 68-88-speck Lewis T Cell Hybridomas.
￿
V region-specific frag-
ments were isolated from both the 510 a and ß chain cDNA clones, labeled with
32p, and used as hybridization probes of Northern blots of the panel of T cell hy-
bridoma mRNAs from cells specific for MBP 68-88. These cells were derived from
seven separate fusions and exhibited three different antigenic fine specificity pat-
terns (Table I) (8).
A strong correlation between specificity for the encephalitogenic determinant of32
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Cell line
510.2
MI 1 .2
M 2 .53
M 4.5
M 4.6
BP14.3.1
19 B8.10
M 3 .29
M 2 .55
BP14 .3.21
16B4 2 .28
M 3 .34
M 3 .35
M 4.20
MH 12.1
M 3.22
B6F
B4
Con A-blasted
splenocyte
￿
-
￿
- (<10%)
￿
- (<10%)
Total
MBP 68-88 specific:
￿
7 of 10
￿
10 of 10
Non-MBP 68-88 specific
￿
1 of 8
￿
0 of 8
4
16B4 2 .28 responds to peptide only, and not to any whole MBP, and was not included in
the total count .
The fine specificity of the T cell hybridomas was as previously described (8). Briefly, the
specificity patterns are defined as 68-88.1 : GP MBP = 68-88 = rat MBP; 68-88.2: GP
MBP = 68-88 ~> rat MBP; and 68-88.3 : GP MBP ~> 68-88 = rat MBP. BW5147 x Lewis
rat T cell hybridomas were derived from a primary fusion and not subject to long-term in
vitro selection. They were tested for antigen specificity by a secondary IL-2 assay using the
antigens as previously described (8).
The guinea pig sequence 68-88 of MBP or GP-19 is G-S-L-P-Q-K-S-Q-R-T-Q-D-
E-N-P-V-V-H-F.
MBP and use of both Va510 and V0510 hybridizing TCR mRNAs was observed
among the T cell hybridomas (Fig. 3, Table I) . The a chain V region probe hybrid-
ized to 7 of 10 of the RNAs derived from MBP 68-88-specific hybridomas. In con-
trast, this Va probe hybridized to only one of five mRNAs from hybridomas of MBP
non-68-88 specificity, zero of two OVA-specific hybrids, and zero ofone 68-88 non-
MBP-specific hybrid. In addition, no hybridization to RNA from Con A-stimulated
normal Lewis splenocytes was detected, indicating that Va510 hybridizing mRNAs
constitute <10% of normal a chain message in splenic T cells. Thus, use of 510 Va
correlates highly with specificity of the T cells for the encephalitogenic determinant
of MBP. Hybridomas of all threereported antigenicfine specificity phenotypes were
among the 510 Va+ cells (Fig. 3; Table I).
An even more striking correlation was seen in Vß gene usage. All 10 MBP
68-88-specific T cell hybridomas expressed Vß510 hybridizing RNA. In contrast,
none of the hybridomas with specificity for other determinants showed hybridiza-
TABLE I
Northern Blot Data Using T Cell Hybridomas
Fusion
No . Specificity Immunogen 510 Va
Probe
510 VP
1 MBP 68-88.1 GP-14 + +
2 MBP 68-88.1 GP MBP - +
3 MBP 68-88.1 GP MBP + +
4 MBP 68-88.1 GP MBP + +
4 MBP 68-88.1 GP MBP + +
5 MBP 68-88.1 GP MBP - +
6 MBP 68-88.1 GP-19S - +
7 MBP 68-88.2 GP MBP + +
3 MBP 68-88.2 GP MBP + +
5 MBP 68-88.3 GP MBP + +
8 MBP 68-88' GP-16 - -
7 MBP non-68-88 GP MBP - -
7 MBP non-68-88 GP MBP - -
4 MBP non-68-88 GP MBP + -
9 MBP non-68-88 GP MBP - -
7 MBP non-68-88 GP MBP - -
10 OVA OVA - -
10 OVA OVA - -BURNS ET AL .
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FIGURE 3.
￿
510V a and o usage in GP-MBP 68-88-specific hybridomas . Cells were grown in
tissue culture and whole cell RNA was prepared as in Fig . 1 . 20 mg/lane of whole cell RNA
was fractionated by electrophoresis through a 1.0% agarose/formaldehyde gel . RNA was blotted
to nytran membranes (Schleicher& Schuell, Inc .) and probed with a 32P-labeled 510 Va-specific
fragment (A) or a 510 Vo-specific fragment (B) . The highest stringency wash was at 52'C in 0 .1
x SSC 0 .1% SDS for 1 h . The same blots were then rehybridized with rat a (A) or o (B) constant
region probe (not shown) to assure presence of similar levels oftotal a and p chainmRNA. Va510
and Vo510 probes (as seen) were generated from rat x mouse 510 a and o chain cDNA clones.
E, Eco RI ; P, Pst I ; A, Alu I .
tion . Again, evidence for therelatedness of antigen specificity andVß510 gene usage
was provided by the lack of significant hybridization of the V0510 probe toRNA
isolated from Con A-stimulated normal spleen cells .
V Gene Usage by Encephalitogenic T Cell Clones .
￿
TheT cell hybridomas represent
a population minimally selected by in vitro cultureand, thus, should be representa-
tive of the MBP-specific T cell repertoire . On the other hand, these cells were not
testable for their ability to induce EAE. Therefore, we examined cloned Lewis rat
T cells that were all encephalitogenic in vivo . These cells, in contrast to theT cell
hybrids, were more likely to be under in vitro selection pressures .
As seen in Fig. 4 and Table 11, both T cell lines, BP20 and BP29, and 8 of 11
T cell clones were found to be Va510 hybridization positive. Both T cell lines and34
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FIGURE 4 .
￿
510 Va and VP gene usage in Lewis rat encephalitogenic T cell clones . Northern
blot hybridization with 32p-labeled Va andVß probes showed hybridizing bands at -1.4 kb with
80% of the encephalitogenic clones using Va510 and 100% of them using Vß510 .
all of the T cell clones were found to be Vß510 hybridization positive . Thus, the
two clonal populations examined, both the hybridomas and the clones, were iden-
tical in Va and Vß510 usage and correlated highly with not only antigen specificity
but encephalitogenicity as well .
Discussion
The attempt to modulate an autoimmune disease via idiotypic regulation of au-
toreactive antigen-specific T cells was first shown in the ratEAE model system (9),
whereinactivated EAE-inducingT cellscouldbothimmunizeand protect rats from
EAE upon challengewithMBP .The basisof this protection wasthought to be specific
regulation of autoreactiveT cells by recognition of idiotypic determinants on their
TCRs .
To determine the molecular basis of such protection and regulation, we have in-
vestigated the relationship betweenTCR gene usage and fine specificity and func-
tion of Lewis ratT cell hybridomas and encephalitogenic Lewis T cell clones that
are specific for encephalitogenic residues 68-88 ofMBP
TCRa/ß are disulfide-linked heterodimers that recognize antigen in the context
of appropriateMHC molecules (26) . Generation of receptor diversity necessary for
proper immune function has been shown, in mouse and man (19, 27), to involve
the rearrangement of germlineV D, andJ elements upstream ofone oftwo ß con-
stant regions and the rearrangement ofV and J segments upstream of a single a
constant region . This is followed by independent assortment of the two polypeptide
chains . The manner in which these rearrangements occur is similar to that seen
in Ig genesandhas been reviewed elsewhere (25) . The relationship betweenthe struc-BURNS ET AL.
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Con A-blasted splenocyte -
￿
-
￿
- (<10%)
￿
- (<10%)
Total
MBP 68-88
￿
8 of 11
￿
11 of 11
Splenocytes were blasted with Con A without any specific antigen .
tural elements of the TCR and antigen specificity has proven to be elusive, even
when antigens are small and are studied within a single MHC context.
Reports have indicated that in particular systems: (a) responses may be highly
degenerate, using awide variety ofV, D, andJ elements on both chains in response
to a given antigen within a single MHC context (28). (b) Responses can be some-
what delimited with half of the antigen-specific clones using the same Va and Vß
genes within a given MHC context (29). (c) Responsesto mixed lymphocyte stimu-
lation and MHC alloreactivity can be highly correlated to Vß usage (30-32). (d)
Responses maybe highly restricted with the a chain determiningantigen specificity
and the 0 chain determining MHC restriction (33-35).
We have shown here that a highly restricted set of TCR Va510 and Vß510 genes
areused by Lewis rat T cellsspecific for thedominant encephalitogenic T cell deter-
minant of GP MBP, amino acid residues 68-88. A survey of previously reported
Vß genes revealed that the Vß510, used by 100% of MBP 66-88-specific T cells,
is most closely related to the Vß8.2 of mouse at the amino acid level, sharing 79°70
homology. At the nucleotide level, V0510 is slightly more homologous to Vß8.1 . The
Va510, used by 70% of the Lewis rat MBP 68-88-specific T cells, is most closely
related to Va2, sharing 77% amino acid homology.
It has been recently shown that the murine homologue of rat Vß510, Vß8.2, has
been implicated in EAE-inducing T cells of the PL/J, (PL x SJL)EI, and B10.PL
mice (15-17). Of the clones examined in the murine systems, -75% of the clones
used Vß8.2 compared with 100% usage of Vß8.2 in the rat. One major difference
between mouseand rat in terms of Vß8.2 usage is that, in the mouse, V08 is acom-
monly used three member gene family seen in normal peripheral Tcell populations
(36), whereas in the rat, it is uncommon and not seen in unprimed populations.
There appear to be three members of the V0510 family as well (data not shown) .
Va510 and Vß510
TABLE II
Usage in Encephalitogenic T Cells
Clone Line
Reactivity
(MBP 72-84)
EAE
inducing
Probe
Va510 V0510
3 BP20 + + + +
4 BP20 + + + +
5 BP20 + + + +
6 BP20 + + + +
11 BP29 + + - +
12 BP29 + + - +
13 BP29 + + + +
14 BP29 + + + +
15 BP29 + + + +
16 BP29 + + - +
17 BP29 + + + +
510.2 rat z mouse + + + +
hybrid .36
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It has also been shown that 6517o ofencephalitogenic T cellsfrom the same B10.PL
mice (17) use Va2, again, the same as used by Lewis rat encephalitogenic T cells.
Furthermore, these a chains from B10.PL T cells use the J region of TA 39, the
same one used by the rat 510- a chain. This is extraordinary considering the fact
the B10.PL mice recognize the NH2-terminal 1-9 residues of MBP as the en-
cephalitogenic determinant, whereasthe Lewis rat recognizes residues 68-88of MBP
as encephalitogenic. Not only this, but the mouse and rat also usetwo different class
II restricting elements, I-A° and RT1'. The two peptides in fact do share four amino
acids, two pairs ofsequential SQ(ser gln) residues. However, we have tested whether
Lewis rat 68-88-specific Tcells can respond to the 1-11 peptideofMBPusing either
Lewis, PL/J, or B10.PL APC; and they do not respond (data not shown; peptide
1-11 kindly provided by Dr. Acha-Orbea, Stanford University, Stanford, CA). There-
fore, we must conclude that antigenically these molecules are different.
The high correlation betweenVa510 and Vß510 usage and MBP 68-88 reactivity
suggests that anti-idiotypic therapy/regulation in EAE might be directed againstde-
terminants specific forVß510 V regions, for Va510 V region determinants, or per-
haps a complex determinant composed of specific elements from both Va and V0.
We have generated a monoclonal anti-idiotypic antibody (mAb 10.18) against the
5.10 MBP-specific T cell hybridoma TCR that does in fact modulate EAE (12, 13).
This suggests that the 5.10 idiotype is the sole or predominant EAE-inducing idio-
type in the Lewis rat. In the mouse (15-17) an antiVß8 mAb has been shown to
suppress EAE, again supporting idiotype regulation of an autoimmune disease, and
another striking parallel with the rat.
In conclusion, we have demonstrated a specific and very high level of correlation
between both 510Va and 510Vß gene usage, reactivity for the encephalitogenic de-
terminant of MBP, and disease induction. At this level of analysis, that is, the use
of the same or closely related V regions, a distinction between T cell hybridomas
showingthree different fine specificity patterns was not observed. Thesefine specificity
differences may lie in the use of different members of the Va and V0 region fami-
lies, different D or J segments, or in junctional diversity (37). However, the finding
ofshared V region usageamongT cells specific fortheencephalitogenic determinant
of MBP substantiate the argument for idiotypic regulation of Lewis rat EAE. This
represents a clinically significant instance in which an autoantigen is a unique epi-
tope, the response to which is of limited TCR V gene usage and limited idiotypic
diversity.
Finally, is seems extraordinary that divergent species such as the rat and mouse
use similarTCR V genes and possibly the same Ja regions as well . Thus, the same
combination of Va and V0 genes is chosen by two different species, the mouse and
the rat, which respond to two very different encephalitogenic peptide determinants
on MBP, residues 1-9 for the B10.PL mouse and residues 68-88 for the Lewis rat,
and recognizethese antigens in tt- __ntext ofdifferent MHC molecules. Considering
the extreme unlikelihood of this being a random event, we believe that this finding
is significant. It is difficult to rationalize this in the context of what we currently
know about TCR antigen-la recognition or regulation.
Summary
Prospects for specific immune intervention in T cell-mediated autoimmune dis-
ease viaanti-idiotypic regulation depend on thedegree of diversityof the respondercell antigen receptor repertoire. A highly heterogenous response against self epi-
topes offers little chance for such regulation. We report here that the Lewis rat au-
toimmune disease experimental allergic encephalomyelitis, generally considered to
be a model of human multiple sclerosis, is caused by T cells that use a limited set
of TCR V genes. We have cloned the rat TCR a and 0 chain cDNAs from the Lewis
rat x mouse T cell hybridoma 510, which retains the rat specificity for the encephalito-
genic determinant of myelin basic protein (MBP). Using Northern blot analysis of
T cell RNA with the cloned V region probes, we have found a specific, and near
perfect, correlation between expression of TCR message hybridizing to the Va510
and VB510 probes and specificity for the encephalitogenic determinant of MBP in
both T cell hybridomas and encephalitogenic T cell clones. This restricted V gene
usage provides a basis for observed idiotypic regulation of auto-reactive T cells, and
possible therapy for autoimmune disease. A curious and unexplained observation
is that the Lewis rat Va/Vß combination that dominates the encephalitogenic re-
sponse to the 68-88 peptide of MBP is precisely the same Va/Vß combination used
by the B10YL mouse response to the encephalitogenic response to the 1-9 peptide
of MBP
We thankAndrew Caton and Hildegunde Ertl for useful discussions and the careful reading
ofthis manuscript. We would like to thank Mary Pat Happ for the generation and character-
ization of the T cell hybridomas.
Receivedfor publication 12 September 1988.
BURNS ET AL.
￿
37
References
1 . Adams, R. D. 1959. A comparison of the morphology of the human demyelinative dis-
eases and experimental allergic encephalomyelitis. In Allergic Encephalomyelitis. M. W.
Kies and E. C . Alvord, editors. Charles C. Thomas Publishers, Springfield, IL. 183-210.
2 . Paterson, P Y. 1966. Experimental allergic encephalomyelitis and autoimmune disease.
Adv. Immunol. 5:131.
3 . Bassoe, P., and R. R. Grinker. 1930. Human rabies and rabies vaccine encephalitis. A
clinicopathological study. Arch. Neurol. Psychiatry. 23:1138.
4 . Eylar, E. H ., and M. Thompson. 1969. Allergic encephalomyelitis the physico-chemical
properties of the basic protein encephalitogen from bovine spinal cord. Arch. Biochem.
Biophys. 129:468 .
5. Hashim, G. A. 1978. Myelin basic protein: structure, function and antigenic determinants.
Immunol. Rev. 39:60.
6 . Fritz, R. B., C . H. J. Chou, and D. E. McFarlin. 1983 . Induction of experimental al-
lergic encephalomyelitis in PL/J and (SJL/JXPL/J)Fl mice by myelin basic protein and
its peptides: localization of a second encephalitogenic determinant. J. Immunol. 130:191.
7 . Chou, J. C. H., R. B. Fritz, F. C.-H . Chou, and R. F. Kibler. 1979. The immune re-
sponse of Lewis rats to peptide 68-88 of guinea pig myelin basic protein. J. Immunol.
123:1540.
8 . Happ, M . P., and E. Heber-Katz. 1988. Differences in the repertoire of the Lewis rat
T cell response to self and non-self myelin basic proteins. J. Exp. Med. 167:502 .
9. Cohen, I. R., A. Ben-Nun, J. Holoshitz, R. Maron, and R. Zerobavel. 1983. Vaccina-
tion against autoimmune disease using lines of autoimmune T lymphocytes. Immunol.
Today. 4:227.
10. Ellerman, K. E., J. M. Powers, and S. W. Brostoff. 1988 . A suppressor Tlymphocyte
cell line for autoimmune encephalomyelitis. Nature (Lond.). 331 :265.38
￿
T CELL RECEPTORS IN AN AUTOIMMUNE DISEASE MODEL
11 . Lider, O., T. Reshef, E . Beraud, A. Ben-Nun, and I. R. Cohen. 1988. Anti-idiotypic
network induced by T-cell vaccination against experimental autoimmune encephalomye-
litis. Science (Wash. DC). 239:181.
12 . Heber-Katz, E., M. Ohashi, M. P. Happ, F. Burns, N. Shen, and X. Li. 1988. Clonal
modulation ofexperimental allergic encephalomyelitis by a monoclonal antibody directed
to the Tcell receptor. Ann. NY Acad. Sci. 316 :832.
13 . Owhashi, M ., and E. Heber-Katz. 1988. Protection from experimental allergic en-
cephalomyelitis conferred by a monoclonal antibody directed against a shared idiotype
on rat T cell receptors specific for myelin basic protein. J. Exp. Med. 168:2153 .
14 . Happ, M. P., A. Kiraly, H. Offner, A. Vandenbark, and E. Heber-Katz. 1988. The au-
toreactive T cell population in EAE: TcR ß chain rearrangments.f. Neuroimmunol. 19:191.
15 . Zamvil, S. S., D. J. Mitchell, N. E. Lee, A . C. Moore, M. K. Waldorf, K. Saki, J . B.
Rothbard, H. O. McDevitt, L. Steinman, and H. Acha-Orba. 1988. Predominant ex-
pression of a T cell receptor Vß gene subfamily in autoimmune encephalomyelitis. J.
Exp. Med. 167 :1586.
16 . Acha-Orbea, H., D. J. Mitchell, L. Timmerman, D. C. Wraith, G. S. Taich, M. K. Waldor,
S. Zamvil, H. McDevitt, and L. Steinman. 1988. Limited heterogeneity of T cell receptors
from lymphocytes mediating autoimmune encephalomyelitis allows specific immune in-
tervention. Cell. 54:263 .
17 . Urban, J., V. Kumar, D. Kono, C. Gomez, S. J. Horvath, J. Clayton, D. G. Ando, E. E.
Sercarz, and L. Hood . 1988. Restricted use ofT cell receptor V genes in murine autoim-
mune encephalomyelitis raises possibilities for antibody therapy. Cell. 54:577.
18. Maniatis, T., E. F. Fritsch, and J. Sambrook. 1982 . Molecular Cloning: A Laboratory
Manual. Cold Spring Harbor Laboratory, Cold Spring Harbor, New York. 545 pp.
19. Yanagi, Y., Y. Yoshikai, K. Legget, S. Clark, I. Alexander, and T. Mak. 1984. A human
T cell specific cDNA clone encodes a protein having extensive homology to immuno-
globulin chains. Nature (Loud.). 308:145.
20. Devereux, J., P Haeberli, and O. Smithies. 1984. A comprehensive set of sequence anal-
ysis programs for the VAX. Nucleic Acids Res. 12:387.
21 . Chou, Y. K., A. A. Vandenbark, R. Jones, G. A. Hashim, and H. Offner. 1988. j Neu-
rosci. Res. In press.
22. Arden, B., J. L. Klotz, G. Siu, and L. E. Hood. 1985. Diversity and structure of genes
of the a family of mouse Tcell antigen receptor. Nature (Lond.). 316:783 .
23. Morris, M., A. N. Barclay, and A. F. Williams. 1988. Analysis ofT cell receptor ß chains
in rat thymus, and rat Ca and Cß sequences. Immunogenetics. 27 :174.
24. Behlke, M. A., D. G. Spinella, H. S. Chou, W. Sha, D. L. Hard, and D. Y. Loh. 1985.
T cell receptor ß chain expression: dependence on relatively few variable region genes.
Science (Wash. DC). 229:566.
25. Kronenberg, M., G. Siu, L. E. Hood, and N. Shastri. 1986 . The molecular genetics
of the Tcell antigen receptor and T-cell antigen recognition. Annu. Rev. Immunol. 4:529.
26. Dembic, Z., H . von Boehmer, and M . Steinmetz. 1986. The role of T-cell receptor a
and ß genes in MHC restricted antigen recognition. Immunol. Today. 7:308.
27 . Hedrick, S. M., D. I . Cohen, E. A. Nielsen, and M . M. Davis. 1984. Isolation of cDNA
clones encoding Tcell specific membrane associated proteins. Nature (Loud.). 308 :149.
28 . Iwamoto, A., P. S. Ohashi, H. Pircher, C. L. Walker, E. E. Michalopoulus, F. Rupp,
H. Hangartner, and T. Mak. 1987. T cell receptor variable gene usage in a specific cyto-
toxic T cell response. J. Exp. Med. 165 :591.
29 . Hochgeschwender, U., H. G. Simon, H . U. Weltzien, F. Bartles, A. Becker, and J . T.
Epplen. 1987 . Dominance of one Tcell receptor in the H-2Kb/TNP response. Nature
(Lond.). 326 :307.
30. Kappler, J. W., T. Wade, J . White, E. Kushnir, M. Blackman, J . Bill, N . Roehm, andBURNS ET AL.
￿
39
P. Marrack. 1987. A T cell receptor Vß segment that imparts reactivity to a class II major
histocompatibility complex product. Cell. 49:263.
31 . Kappler, J. W., U. Staerz, J. White, and P. C. Marrack. 1988. Self-tolerance eliminates
T cells specific for MIs-modified products ofthe major histocompatibility complex. Na-
ture (Loud.). 335 :35 .
32 . MacDonald, H. R., R. Schneider, R. K. Lees, R. C. Howe, H. Acha-Orbea, H . Festen-
stein, R. M. Zinkernagle, and H. Hengartner. 1988. Tcell receptor Vß use predicts re-
activity and tolerance to MIs encoded antigens. Nature (Lond.). 332 :40.
33 . Fink, P J., L. Matis, D. L. McElliott, M. Bookman, and S. Hedrick. 1986. Correlations
between T-cell specificity and the structure ofthe antigen receptor. Nature (Lond.). 321:219.
34 . Sorger, S., S. M. Hedrick, P. J . Fink, M. A. Bookman, and L. Matis. 1987. Generation
of diversity in T cell receptor repertoire specific for pigeon cytochrome C . J Exp. Med.
165:279.
35 . Winoto, A., J. L. Urban, N. C. Lan, J. Governman, L. Hood, and D. Hansburg. 1986.
Predominant use of a Va gene segment in mouse T cell receptors for cytochrome c. Na-
ture (Loud.). 324:679.
36. Haskins, K., C. Hannum, J. White, N. Roehm, R. Kubo, J . Kappler, and P. Marrack.
1984. The antigen-specific major histocompatibility complex-restricted receptors on T
cells. VI. An antibody to a receptor allotype. J. Exp. Med. 160:452 .
37 . Hedrick, S. M., I. Ingel, D. L. McElligott, P. J. Fink, M. Hsu, D. Hansburg, and L. A.
Matis. 1988. Selection ofamino acid sequences in the ß chain of the Tcell antigen receptor.
Science (Wash. DC. 239:1541.